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METHOD AND APPARATUS FOR PRODUCING A 
LOW- SHRINKING SMOOTH YARN 

5 CROSS REFERENCE TO RELATED APPLICATION 

The present application is a continuation of 
International Application No. PCT/EP02/04870 , filed May 
3, 2002, and which designates the U.S. The disclosure of 
said application is expressly incorporated herein by 
10 reference.. 

BACKGROUND OF THE INVENTION 
The present invention relates to a method of 
producing a low-shrinkage synthetic flat yarn, as well as 
15 an apparatus for carrying out the method. 

High- strength flat yarns, which are used, for 
example, for producing PVC- coated tarps, conveyor belts, 
or V-belts, are required to exhibit only little shrinkage 
by the action of heat, when being further processed. 
2 0 Therefore, in the production of these flat yarns, 

one subjects the yarn after the melt spinning and drawing 
steps one more time to an increased temperature and 
reduced tension, so that the yarn is able to relax. Such 
a method is described in EP 0 164 624 Bl . 

2 5 It has been found that the parameters low yarn 

tension, temperature, and time are important for the 
shrinkage of the yarn during relaxation. The apparatus 
disclosed in EP 0 164 624 Bl does simply not permit 
adjusting the parameters yarn tension, time, and 
30 temperature, as desired. On the one hand, it is 

necessary to maintain a minimum yarn tension for a 
satisfactory yarn advance. On the other hand, a long 
dwelling time would require at high yarn speeds a great 
distance to cover, which may easily lead in addition to 

3 5 an unstable yarn advance under a very low yarn tension. 
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A removal of the shrinkage in the yarn on the finished 
package may result in that after winding, such high 
forces are active in the yarn package that the package 
can no longer be removed from the mandrel . 
5 It is therefore an object of the invention to extend 

the known method and the known apparatus, so that long 
dwelling times are obtained during a relaxation, while 
keeping the yarn tension as low as possible. 

10 SUMMARY OF THE INVENTION 

The invention distinguishes itself in that a 
relaxation treatment with long dwelling times is possible 
even at relatively high yarn speeds. In this process, an 
advancing multifilament yarn is drawn in a first step 

15 after having been spun from a melt. For the subsequent 

relaxation, the yarn is compressed by forming a plug in a 
relaxation device with a stuff er box chamber. To this 
end, the yarn is advanced, while being heated, into the 
stuff er box chamber, where it is compressed. As a result 

20 of continuously advancing yarn, the plug advances through 
the relaxation device under no tension. 

Since the plug has a clearly larger diameter than 
the yarn, the speed of the plug is substantially lower 
than the supply speed of the yarn because of the 

25 continuity condition. With that, it is possible to 

obtain also with short guide lengths of the relaxation 
device, relatively long dwelling times at a high 
temperature and in a state free from tension. Upon 
leaving the relaxation device, the flat yarn is withdrawn 

3 0 from the plug by applying tension. Contrary to a 
crimping device, where the plug normally undergoes 
cooling to set the crimp, the yarn is withdrawn from the 
relaxation device in a heated state and thus further 
processed under such a high yarn tension that no crimp 
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remains in the yarn, and that thus a typical flat yarn is 
produced . 

As a particular example, the use of polyester 
permits producing a flat yarn from the plug under a 
5 relatively low withdrawal tension. Thus, all types of 
polyester are to be considered highly suitable. 

To advance the yarn to form a plug while being 
heated, it is preferred to use for advancing the yarn a 
heated medium, which a feed nozzle delivers into the 
10 stuff er box chamber together with the yarn. The medium 
may be formed by hot air or a hot vapor. 

A variant of the method according to the invention 
provides for a final drawing after relaxation. This 
permits removing any latent residual crimp, which may 
15 possibly remain in the yarn. 

In a particularly advantageous variant of the 
method, the step of disentangling the plug is 
supplemented and secured by additional method steps. 
Fluctuations of yarn or method parameters may result in 
2 0 the feed and withdrawal of differently large yarn mass 

flows, which may possibly cause the length of the plug to 
increase or decrease continuously. For this reason, this 
variant of the method provides for sensing the position 
of the plug end, and taking corrective action with 

2 5 respect to the temperature of the medium. 

In a further advantageous variant of the method, the 
rotational speed of the godet that withdraws the yarn is 
influenced as an alternative or as an addition. This 
intervention permits achieving an immediate effect on the 

3 0 plug length. 

Characteristic of the invention is that the yarn 
speed in the yarn path downstream of the relaxation 
device is lower than the yarn speed in the yarn path 
upstream of the relaxation device. The winding speed, 
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however, is again slightly higher than the yarn speed 
downstream of the relaxation device. For the invention, 
this results in that the takeup device is operated at a 
winding speed, which amounts to more than about 85% of 
5 the circumferential speed of the last godet upstream of 
the relaxation device. 

Naturally, is also possible to use the method of the 
present invention for the production of monofilaments, 
i.e., for yarns, which consist of only one thick 

10 filament. 

An apparatus for carrying out the method of the 
invention comprises a spinning device in which the 
filaments are melt spun, a draw zone in which the yarn is 
drawn to a high- strength yarn, a stuff er box chamber as a 

15 relaxation device, and a takeup device. The stuffer box 
chamber is designed such that during the compression of 
the yarn, the deposited filaments form as few loops and 
curls as possible. Important in this process is the 
possibility that the tempered yarn advances as a plug in 

20 the stuffer box chamber under little tension for a 
longest possible dwelling time, so that after 
disentangling the plug, a flat yarn with a very low 
shrinkage is produced. 

In a further development of the apparatus according 

25 to the invention, a final draw zone may be provided 

downstream of the relaxation device. This final draw 
zone increases the yarn tension slightly for purposes of 
flattening the yarn again downstream of the relaxation 
device. In the simplest case, a pair of godet s, which 

3 0 cooperate with the takeup device, forms the final draw 
zone. However, it is also possible to use two pairs of 
godets, with the second godet pair operating at a 
slightly higher speed, so as to build up a yarn tension. 
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In the place of the paired godets, it is also possible to 
use godets with guide rolls. 

To obtain a uniform advance of the yarn while 
heating it simultaneously, the relaxation device 
5 preferably includes a feed nozzle, which connects to a 
source of medium, and receives a hot medium. This 
permits heating and advancing the yarn, for example, by 
hot air or a hot vapor. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the following, the method of the invention and an 
embodiment of the apparatus according to the invention 
are described in greater detail with reference to the 
attached drawings, in which: 

Figure 1 is a schematic view of a first embodiment 
of the apparatus according to the invention, wherein the 
method of the invention is used; 

Figure 2 is a schematic sectional view of the 
relaxation device of the embodiment of Figure 1; and 

Figure 3 is a schematic view of a further embodiment 
of a relaxation device. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Referring more particularly to the drawings, an 
25 apparatus which embodies the invention is illustrated in 
Fig. 1, and which comprises a melt spinning device, which 
is formed by a spin head 1 and a plurality of spinnerets 
15. The spin head 1 connects via a melt supply line 29 
to a source of melt not shown, for example, an extruder. 
30 The underside of the spin head 1 mounts a plurality of 
spinnerets 15, which each include a plurality of spin 
nozzle bores for extruding therethrough a group of 
filaments 2. The embodiment shows, for example, four 
spinnerets 15. 
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After its extrusion, each group of filaments 2 is 
cooled by a cooling air 3, wetted with a lubricant in a 
lubrication device 4, and combined to a yarn 5. Although 
this description applies to multifilament yarns, it is 
5 basically also usable for monofilament yarns. 

After the yarn 5 has been formed, it is first 
withdrawn by a godet 6 that cooperates with a guide roll 
25. It is common practice to produce in such spin lines 
a plurality of yarns in a parallel process, and to treat 

10 them in parallel on the same godets. In the following, 

the devices of the apparatus and the method are described 
for one yarn for reasons of simplification. 

Downstream of the godet 6, the yarn 5 advances to a 
draw zone, which is formed by a plurality of paired 

15 godets 7.1, 7.2, and 7.3. In so doing, the yarn is first 
drawn between two heated pairs of godets 7.1 and 7.2 in a 
first draw zone 8.1, and subsequently between two heated 
pairs of godets 7.2 and 7.3 in a second draw zone 8.2. 
After this treatment, the yarn 5 has attained a high 

20 strength, but tends to shrink under the influence of the 
temperature. This is especially undesired in the 
described applications, wherein the yarns are coated with 
heated coating substances in a later further processing. 
For this reason, the yarn 5 advances through a downstream 

25 relaxation zone 16 with a relaxation device 9. By the 

temperature and in a state free from tension, the yarn 5 
is given in the relaxation device 9 an opportunity to 
relax, i.e., to remove its tendency to shrink. In so 
doing, the yarn shortens by about 13% depending on the 

30 polymer and process parameters. 

To this end, the yarn 5 is compressed to a plug 
within the relaxation device 9, which is described in 
greater detail with reference to Figure 2. A parallel 
treatment of a plurality of yarns makes it possible to 
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provide for each yarn a separate relaxation device, or to 
treat a plurality of yarns in a common relaxation device. 

After the relaxation, the plug is withdrawn under 
tension as a flat yarn 22. To this end, a final draw 
5 zone 21 is provided, which is formed in the present 
embodiment by a further pair of godets 7.4. 
Subsequently, the flat yarn 22 is wound by means of a 
takeup device 10 to a package 26. 

Since downstream of the relaxation device 9, in 
10 particular between the pair of godets 7.4 and takeup 
device 10, a higher yarn tension level prevails, any 
crimp that may possibly have remained in the yarn, is 
removed. In this connection, the operation is named 
final drawing. 

15 To disentangle the plug, the final draw zone 21 

could also be formed by a godet with a guide roll. For a 
final drawing in this instance, the godet cooperates with 
the takeup unit . 

Figure 2 is a sectional view of a possible 

20 embodiment of the relaxation device 9. With the aid of 
the relaxation device, it is possible to carry out the 
method of the present invention. The relaxation device 9 
comprises a feed nozzle 17, which receives a heated 
medium 18 via a line 28. The medium 18, which has 

2 5 previously been heated by a heater 13, enters a yarn 

channel 27 for advancing the yarn 5. The yarn channel 27 
terminates in a stuffer box chamber 19 of the relaxation 
device 9. Inside the stuffer box chamber 19, the yarn 5 
is advanced to form a plug 20. In this process, the yarn 

3 0 forms loops, which lead to an accumulation and as a 

result to a compression, so that the yarn 5 forms the 
plug 20, which slowly advances through the stuffer box 
chamber 19 of the relaxation device 9. In this process, 
a hot fluid, such as hot air or vapor is used as 
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conveying medium 18 for providing the yarn with a 
temperature level that is necessary for the relaxation. 
A guide section 23 of the stuffer box chamber 19 includes 
a plurality of slots, through which the medium is again 
5 discharged. Subsequently, the plug 2 0 leaves the 

relaxation device 9 through an outlet opening 24, and is 
disentangled to form a flat yarn 22 . 

If one assumes a yarn denier of 1000 dtex as well as 
a supply speed of 5000 m/min. , these will correspond to 

10 an entering mass flow of 500 g/min. With a volume of the 
stuffing region of about 31 cm 3 , at a diameter of 2 cm, 
and a length of 10 cm, this will result with a plug 
density of 2 0% and polyester as a polymer, in a dwelling 
time of the yarn in the relaxation device 9 of 

15 approximately 1 second. 

After leaving the relaxation device, the flat yarn 
22 is withdrawn from the plug 20, since it is 
subsequently advanced again at a high speed by the pair 
of godets 7.4 shown in Figure 1. Because of the high 

20 acceleration that occurs in this process, mass forces 
arise, which produce tensions in the yarn, and which 
adequately stabilize the yarn. In this process, it is 
necessary to adjust the speed, at which the yarn is 
withdrawn, in a way that the yarn mass supplied per unit 

2 5 time to the relaxation device is identical with the yarn 

mass that is withdrawn therefrom. 

If the withdrawn yarn mass were greater, the plug 
would be completely withdrawn from the relaxation device. 
If the withdrawn yarn mass were smaller, the plug 

3 0 development at the inlet of the stuffer box chamber 19 

would be greater than the plug withdrawal at the outlet 
24, so that the plug would grow out of the relaxation 
device 9 . 
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Figure 3 illustrates a further embodiment of the 
relaxation device 9, which would be usable in the 
apparatus of Figure 1, and which comprises an adjustment 
of the plug formation. The relaxation device 9 is 
5 constructed substantially identical with the embodiment 
of Figure 2, so that in the following only differences 
are described. 

At the outlet opening 24 of the relaxation device 9 / 
a sensor 11 is provided, which senses a growth or a 

10 reduction of the plug. The signaled value of the sensor 
11 is compared in a comparator 3 0 with a desired value, 
and supplied to a controller 12, when a deviation is 
found. The controller 12 connects to a heater 13, which 
heats the medium 18 that is supplied to the feed nozzle 

15 17. Via the controller 12, it is thus possible to exert 
a corrective influence on the heating of the medium 18. 
The controller 12 also connects to a godet drive 14, 
which operates the pair of godets 7.4 of the final draw 
zone 21. It is thus possible to make a corrective change 

2 0 of the rotational speed of drive 14, which operates the 
pair of godets 7.4. 

An increase in the temperature of the medium 18 
produces a greater relaxation of the yarn, so as to 
realize a shortening and thus a larger mass per length. 

25 At a constant circumferential speed of the pair of godets 
7.4, this leads to a greater withdrawal of mass and thus 
to a diminution of the plug. 

An increase in the rotational speed of the godet 
pair 7.4 directly causes a greater mass transportation 

30 and thus likewise a diminution of the plug 22. In this 
connection, it should be noted that the rotational speed 
of the godet pair 7.4 immediately affects the plug 
length, whereas the temperature has an effect on the plug 
length only with a time delay, which corresponds 
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approximately to the dwelling time of the yarn in the 
relaxation device. 

However, it is also possible to use the relaxation 
device 9 shown in Figure 3 only in connection with a 
5 temperature control of the conveying medium or only with 
a speed control of the pair of godets. 

The relaxation devices shown in Figures 2 and 3 are 
exemplary. Thus, it would be possible to use in the 
apparatus of Figure 1 any relaxation device, in which a 

10 conveying medium advances the yarn to form a plug and 

heats it inside a stuff er box chamber. The compression 
of the yarn makes is possible to achieve adequate 
dwelling times for relaxing the yarn even at high yarn 
speeds. It is preferred to compress the yarn with a low 

15 plug density for purposes of attaining a largely complete 
removal of the loops and curls already during the 
disentanglement of the plug, so that thereafter the yarn 
no longer contains a crimp. 
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